Worldwide, video-assisted thoracoscopic surgery (VATS) approaches for pulmonary lobectomies remain in the minority (approximately 20%), despite their salutary eff ects. [1] [2] [3] [4] Th oracoscopic lung resection results in less postoperative pain, decreased atrial fi brillation, better lung function preservation, shorter convalescence, and earlier return to normal activities. [5] [6] [7] [8] [9] If needed, adjuvant therapy can be started sooner with fewer dose reductions. 10 A minimally invasive approach is associated with less postoperative immunosuppression, which in turn can be benefi cial against any residual tumor. [11] [12] [13] [14] Oncologic validity and survival rates for VATS are at least equivalent when compared with open resections for lung cancer. [15] [16] [17] [18] [19] As we reached high reliability and safety for VATS lobectomy, it was a natural extension for us and others to attempt more complex resections, such as pneumonectomy, with acceptable short-term results. [20] [21] [22] [23] [24] [25] [26] [27] In this report, we study longer-term results with pneumonectomy. Conversions to open surgery were assigned to the VATS group (intent-to-treat [ITT] ). First and second 5.5-year cases were compared with study experience eff ects. Converted and completion pneumonectomy (previous ipsilateral lung resection) cases were also analyzed separately. Fisher exact tests were applied for categorical data, and Wilcoxon rank sum tests were performed on median comparisons for continuous data. Kaplan-Meier curves were plotted and compared using log-rank tests for both overall survival (OS) and disease-free survival measures. Th e Cox proportional hazard model was used for univariate and multivariate analysis to detect risk factors. Statistical significance in this study was set at a level 0.05, and all reported P values were two-sided. All analyses were performed in SAS 9.3 (SAS Institute Inc ).
Materials and Methods

Technique and Criteria
Patients underwent surgical staging or restaging using mediastinoscopy or transcervical extended mediastinal lymphadenectomy. VATS excluded unresectable disease and enhanced lighting and exposure even in open cases. Imaging-based concerns were generally confi rmed or down-graded by VATS inspection. If VATS inspection prompted immediate thoracotomy (generally same reasons as conversion, see later), the procedure was classifi ed as open. With selective ventilation, incision sites were placed and VATS pneumonectomy was performed as described previously following the same exposure guidelines as lobectomy ( Table 1 ) . 3, [28] [29] [30] Any dissection carried with the intent of VATS pneumonectomy classifi ed the patient as VATS even if conversion was required. Endoscopic 30-mm linear cutting staplers (Covidien) with vascular (white/tan) curved-tip cartridges were used to divide vessels. Avoiding pneumonectomy by sleeve resection (preferably VATS) was always attempted if technically feasible and valid oncologically.
Results
Pneumonectomies were performed on 107 patients using VATS in 67 (62.6%) and open technique in 40 (37.4%). Seventeen patients (15.9%) were converted from VATS to open (thoracotomy) pneumonectomy. Nine patients undergoing VATS (all successful) and three patients undergoing open surgery underwent completion pneumonectomy. During the initial 5.5 years (n 5 43), the ratio of VATS to open was 0.6 as compared with 3.9 in the later 5.5 years ( P , .001) ( Fig 1 ) .
Preoperative characteristics are summarized in Table 2 . Th e VATS group trended toward older age and had signifi cantly more women and preoperative comorbidities. Th e groups were well matched with respect to smoking history, weight loss, performance status, lung function, and neoadjuvant treatment, including the time interval between the induction treatment and surgery. Right main pulmonary arteries were dissected directly and divided with a leader catheter to protect the vessel from the stapler anvil.
Left main pulmonary arteries were captured indirectly for safety: fi rst the sturdy mainstem bronchi were captured with 14F leader catheters and by transposing one end encircled the remaining arteries and surrounding tissues for dissection. Endoscopic 30-45-mm linear cutting staplers (Covidien) with vascular (white/tan) curved-tip cartridges were used to divide vessels.
Bronchial division
Bronchi were the last hilar structures transected to avoid sole attachments by delicate vascular pedicles with potential of catastrophic bleeding during organ manipulation.
45-60-mm endoscopic staplers (4.8 mm or similar thickness) divided the airways at the carinal level.
Bronchial stump coverage Pericardial fat pad, pleural fl aps, or intercostal muscle pedicles were used.
Specimen extraction
Organs were oriented with their thinnest "lead points" emerging through the utility incisions and removed within 8 3 10-in nylon sacks (Cook Medical).
VATS 5 video-assisted thoracoscopic surgery.
characteristics is summarized in Figure 4 . Hazard ratio multivariate analysis showed age and mediastinal lymph node positivity (not approach) as the only independent factors aff ecting the survival.
Outcomes of Converted Cases
To evaluate for potential harm, converted pneumonectomies were analyzed separately. In the fi rst 5.5 years, 18% of all pneumonectomies (50% of ITT VATS) and in the second 5.5 years 14% of all pneumonectomies (18% of ITT VATS) were converted from VATS to open pneumonectomy ( P , .001). The various reasons for conversion were tumor size/extension causing limited exposure (n 5 8), dense adhesions or scarring (n 5 5), bleeding (n 5 1), positive margins (n 5 1), difficulty in lesion identifi cation (n 5 1), and diff use disease (n 5 1). Th ere were no cases of catastrophic bleeding, such as a main pulmonary artery injury, in the VATS pneumonectomy group. Table 5 shows the pertinent results of the three-way comparison between successful VATS, conversions, and open cases. Th e other perioperative characteristics were similar. Th e eff ect of conversion on OS is shown in Figure 5 .
Outcomes of Completion Cases
Nine 
Discussion
This study demonstrates that thoracoscopic pneumonectomy can be attempted safely at an experienced VATS center with oncologic validity and reasonable midterm results. Th is is despite the VATS group having somewhat greater age and more preoperative comorbidities. Th e higher rate of female sex in the VATS group (a better outcome characteristic for lung resections, in general) has not been commonly reported to favor survival in pure pneumonectomy series. 31 Th e cause of this sex diff erence is unclear but may refl ect a patient selfselection or referral bias. Th oracoscopic approaches rose from 0% of all lobectomies at the beginning of the fi rst interval to 80% by its end and remained that high aft er. Our thoracoscopic lobectomy conversion rate (7%) is relatively low, considering a VATS approach was attempted in all but two of 171 cases in 2013. Similarly for thoracoscopic pneumonectomies, our learning curve is evident, with significantly fewer conversions and establishment of VATS completion pneumonectomies in the second half. Many of the patients (76%) undergoing converted pneumonectomy were undergoing right-sided resection; whether this eff ect was related to a side-specifi c diff erence in hilar anatomy or tumor relation to mediastinal structures is not certain. Th e most frequent cause of conversion was a safety concern due either to tumor characteristics or surrounding adhesions.
Th e percent share of each procedure type across a given range of a tumor volume or diameter was calculated from Table 5 . With tumor volume between 50 and 75 cm 3 , the conversion rate was 25%, whereas for . 75 cm 3 , high conversion rate was probably avoided by prudent selection of one-half of the patients for open procedure. Similarly for maximum tumor diameter . 7 cm (T3 size), there was again a higher conversion rate of 25% despite more than one-half of pneumonectomies selected for the open procedure. Th e number of patients, however, in these high ranges of tumor volume and diameter was small, and, therefore, statistical signifi cance was not reached. Th erefore, at present, we are not able to provide any cutoff value for these tumor parameters that might serve as guideline for patient selection when extrapolated to tumor measurements on preoperative imaging. VATS pneumonectomy conversion rates should approach that of thoracoscopic lobectomy as enabling technologies improve exposure and induction chemotherapy shrinks large tumors more reliably. Unfortunately, the required Data presented as % or median (minimum-maximum). Pathologic stage 0 is a complete response to neoadjuvant treatment. R1 resection 5 resection with positive microscopic margins. See Table 1 legend for expansion of other abbreviation. a An open pneumonectomy was performed for an extremely large right lung adenocarcinoma involving . 90% of both upper and lower lobes and measuring (38 3 32 3 17.5 cm). surgeon experience is limited by the need to avoid pneumonectomy because of its high mortality/morbidity rate. Technical advice to aid others in this endeavor is supplied in Table 1 .
Acute postthoracotomy pain syndrome is related to factors like rib spreading and intrapleural infl ammation, whereas chronic postthoracotomy pain (lasting for . 2 months) results from neuropathy and CNS Data presented as % or median (minimum-maximum). The postoperative complications are same as in Table 3 . EBL 5 estimated blood loss (during surgery). See Table 1 legend for expansion of other abbreviation.
(information bias). Also, certain patient-specifi c personal, social, and other qualitative factors could have infl uenced the decision-making that might not have been evident from the patient records (recall bias).
Conclusions
Attempting thoracoscopic pneumonectomy at an experienced center appears safe but does not yield the early pain/complication reductions observed for VATS lobectomy. It seems reasonable for comparable centers to continue such investigations for advanced tumors. Th is is because controlled conversions performed prudently appear tolerable, minimally invasive technology continues to improve, and some of the long-term benefi ts suggested by this limited retrospective study may be emerging as conversion rates fall. 
